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Tool path preparing method and machining method 



Cross-reference to related applications 

[0001] This patent application claims priority from Japanese Patent Application 
No. 2000-244620, filed on August 1 1, 2000. 

RECEIVED 

BACKGROUND OF THE INVENTION APR 0 9 2004 

TECHNOLOGY CENTER R370O 

Field of the Invention 

[0002] The present invention relates to a tool path preparing method for 

preparing a tool path to simultaneously conduct a roughing and finishing 
operations, and to a machining method employing the tool path preparing method. 

Description of the Related Art 

[0003] JP-A-63-200943 discloses a tool path preparing method and a 

machining method employing the tool path preparing method, for example. 
According to JP-A-63-200943, controlling a position of a finishing tool 
automatically controls another tool to operate simultaneously at a rough-cut 
position having a smaller depth of cut by an arbitrarily given finishing allowance. 
In other words, only the position of the tip of the finishing tool is programmed, 
and the roughing tool is automatically controlled at a rough cut position leaving 
only the finishing allowance. 

[0004] However, there are the following problems in the tool path preparing 

method and machining method as disclosed in JP-A-63-200943. 
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the main spindle by the finishing allowance, a cutting which includes the shape 
perpendicular to or approximately perpendicular to the main spindle (for example, 
a stepped portion) would be impossible, because the roughing operation cuts in to 
the inside of the finishing portion. 

[0006] In order to prevent the cut-in by the roughing tool, it is necessary 

that a feed of the finishing tool is stopped, and the roughing tool is retreated to a 
position at which the cut-in is not caused, which results in a long machining time. 
Further, because the feed of the finishing tool is stopped, a scar (cutter mark) is 
generated on the workpiece at a position the finishing tool is stopped. 



Summary of Invention 

[0007] In view of the foregoing problems, an object of the present invention 

is to provide a tool path preparing method and a machining method employing the 
tool path preparing method by which the machining time of the workpiece by the 
roughing tool and the finishing tool is reduced, and the scar on the surface of the 
workpiece can be suppressed. 

[0008] According to the present invention, there is provided a method of 

preparing a tool path to simultaneously conduct a roughing and a finishing 
operations by moving at least one of a workpiece to be rotated around a 
predetermined axis and tools including a roughing tool and a finishing tool offset- 
arranged in the axial direction of the predetermined axis, the method comprising: 

[0009] calculating a path of the roughing tool based on a path of the 

finishing tool by shifting the path of the finishing tool by a finishing allowance in 
the direction perpendicular to the predetermined axis; and 
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[0010] correcting the calculated path of the roughing tool so as to form a 

predetermined gap between the workpiece and the roughing tool in the axial 
direction of the predetermined axis. 

[0011] In the tool path preparing method according to the present invention, 

after shifting the path of the finishing tool by a finishing allowance in the direction 
perpendicular to the predetermined axis to calculate the path of the rouging tool, 
the calculated path of the roughing tool is corrected so that a predetermined gap is 
formed between the workpiece and the roughing tool when viewed in the axis 
direction of the predetermined axis, therefore, the cut-in into the inside of the 
finishing portion by the roughing tool can be prevented without stopping the feed 
of the finishing tool. As the result, the machining time of the workpiece by the 
roughing tool and the finishing tool can be reduced. Further, because the feed of 
the finishing tool is not stopped, it can be suppressed that the cutter mark is 
formed on the surface of the workpiece by the finishing tool. 

[0012] It is preferable that the path of the roughing tool is corrected so that the 

moving speed of the roughing tool in the direction perpendicular to the 
predetermined axis is a predetermined value. In such the manner, when the path 
of the roughing tool is corrected, by correcting the path of the roughing tool so that 
the movement speed of the roughing tool in the direction perpendicular to a 
predetermined axis is a predetermined value, the roughing tool can be smoothly 
moved, and the cutting load by the roughing tool can be decreased, and the 
variation of the cutting load can be suppressed. 

[0013] It is preferable that the path of the roughing tool is corrected so that the 

roughing tool moves at a predetermined acceleration from a position, at which the 
gap between the workpiece and the roughing tool in the axis direction of the 
predetermined axis becomes a predetermined value, in the direction perpendicular 
to the predetermined axis. In this manner, when the path of the roughing tool is 
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corrected, by correcting the path of the roughing tool so that the roughing tool is 
moved at a predetermined acceleration in the direction perpendicular to a 
predetermined axis from a position at which a gap between the workpiece and the 
roughing tool in the axis direction of the predetermined axis becomes a 
predetermined value, the path of the roughing tool can be easily corrected. 
Further, the variation of the cutting load by the roughing tool can be more 
suppressed. 

[0014] According to the present invention, there is provided a method of 

machining a workpiece to be rotated around a predetermined axis, comprising: 

[0015] arranging tools including a roughing tool and a finishing tool offset 

in the axial direction of the predetermined axis; 

[0016] calculating a path of the roughing tool based on a path of the 

finishing tool by shifting the path of the finishing tool by a finishing allowance in 
the direction perpendicular to the predetermined axis; 

[0017] correcting the calculated path of the roughing tool so as to form a 

predetermined gap between the workpiece and the roughing tool in the axial 
direction of the predetermined axis; and 

[0018] moving at least one of the workpiece and the tools, thereby 

simultaneously conducting a roughing and a finishing operations. 

[0019] Because, in the processing method according to the present 

invention, according to the tool path prepared by the tool path preparing method 
described in the first to the third aspects of the present invention, because the 
roughing and the finishing operations are simultaneously conducted by the 
roughing tool and the finishing tool, the cut-in into the inside of the finishing 
portion by the roughing tool can be prevented without stopping the feed of the 
finishing tool. As the result, the machining time of the workpiece by the roughing 
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tool and the finishing tool can be reduced. Further, because the feed of the 
finishing tool is not stopped, it can be suppressed that the cutter mark is formed on 
the surface of the workpiece by the finishing tool. 

[0020] Typically, the tool path can be prepared by a method comprising the steps 
of: 

[0021] reading initial positions of a roughing tool and a finishing tool; 

[0022] initializing the number of cumulative rotations of a workpiece to be rotated 
around a predetermined axis; 

[0023] reading a position data calculation program; 

[0024] settling a movement position of the finishing tool at a predetermined 

number of cumulative rotations of the workpiece; 

[0025] calculating a movement position of the roughing tool at the predetermined 

number of cumulative rotations of the workpiece; 

[0026] correcting the calculated movement position of the roughing tool in a 

direction perpendicular to and away from the predetermined axis when a gap 
between the roughing tool and the workpiece in the axial direction of the 
predetermined axis is not larger than a predetermined value; and 

[0027] storing the movement position of the roughing tool and the finishing tool in 

a position data table memory. 

Brief Description of the Drawings 

[0028] Fig. 1 is a block diagram showing the structure of a machine tool 

according to an embodiment of the present invention. 
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[0029] Fig. 2A is a view showing the shape of the workpiece before the 

processing, and Fig. 2B is a view showing the shape of the processed workpiece, 
both for explaining an example of a processing operation of a workpiece in the 
machine tool according to the embodiment of the present invention. 

[0030] Fig. 3 is a flow chart for explaining a determination processing 

operation of movement positions of the roughing tool and the finishing tool. 

[0031] Fig. 4 is a flow chart for explaining an output processing operation 

of the roughing tool position command signal and the finishing tool position 
command signal in the machine tool according to the embodiment of the present 
invention. 

[0032] Fig. 5 is a diagram showing the path of the roughing tool and the 

path of the finishing tool in the machine tool according to the embodiment of the 
present invention. 

[0033] Fig. 6 is a diagram showing the path of the roughing tool and the 

path of the finishing tool in the machine tool according to the embodiment of the 
present invention. 

[0034] Fig. 7A is a diagram showing the change of the movement 

acceleration of the roughing tool, and Fig. 7B is a diagram showing the change of 
the movement speed of the roughing tool, both for explaining the operation of the 
roughing tool in the machine tool according to the embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0035] Preferred embodiments of a tool path preparing method and a 

machining method will be described in detail below according to the present 
invention, with reference to the accompanying drawings. In this connection with 
the description on the drawings, the same parts as those of the conventional one 
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are denoted by assigning the same reference numerals, and the duplication of the 
explanation will be omitted. In the present embodiments, an example in which the 
present invention is applied to a machine tool, and particularly, to a Swiss type 
machine tool, will be shown. 

[0036] Fig. 1 is a block diagram showing the structure of a machine tool 

according to an embodiment of the present invention. In Fig. 1, a machine tool 1 
has a main spindle rotation motor 11, roughing tool movement motor 21, finishing 
tool movement motor 31, workpiece movement motor 41, and control unit section 
5 1 for controlling the drive of each of the motors 11,21,31, and 4 1 . 

[0037] The main spindle rotation motor 1 1 is a motor for rotating a main 

spindle (not shown) structured so that the workpiece can be held, and is connected 
to the control circuit section 51 through a driving circuit 12 and a main spindle 
rotation control circuit 13. Further, a pulse generator 14 for detecting the rotation 
of the main spindle rotation motor 1 1 is provided on the main spindle rotation 
motor 11. The output of the pulse generator 14 is connected to the control unit 
section 51 and a speed signal generation circuit 15, and the rotation detection 
signal outputted from the pulse generator 14 is inputted into the control unit 
section 51 and the speed signal generation circuit 15. The pulse generator 14 
generates the rotation detection signal being synchronized with the rotation of the 
main spindle rotation motor 11 (main spindle), and outputs to the control unit 
section 51 and speed signal generation circuit 15. Herein, the rotation center axis 
of the main spindle rotation motor 11 (main spindle) constitutes an axis extending 
to a predetermined direction. 

[0038] The speed signal generation circuit 15 converts the rotation detection 

signal outputted from the pulse generator 14 into the main spindle rotation speed 
signal which represents the rotation speed of the main spindle rotation motor 1 1 
(main spindle). The output of the speed signal generation circuit 15 is connected 
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to the main spindle rotation control circuit 13, and the converted main spindle 
rotation speed signal is inputted into the main spindle rotation control circuit 13. 

[0039] The main spindle rotation control circuit 13 compares the main 

spindle rotation speed command signal outputted from the control unit section 5 1 
which will be described later, to the main spindle rotation speed signal outputted 
from the main spindle rotation control circuit 13, and generates the control signal 
corresponding to the difference therebetween. The control signal generated by the 
main spindle rotation control circuit 13 is outputted to the driving circuit 12. 

[0040] The driving circuit 12 controls electric power supply to the main 

spindle rotation motor 1 1 so that the rotation speed of the main spindle rotation 
motor 1 1 (main spindle) is the main spindle rotation speed command value, which 
will be described later, according to the control signal outputted from the main 
spindle rotation control circuit 13. These driving circuit 12, main spindle rotation 
control circuit 13, and speed signal generation circuit 15 constitute the feed back 
control system of the rotation speed of the main spindle rotation motor 1 1 (main 
spindle). 

[0041] The roughing tool movement motor 21 is a motor to move the 

roughing tool to rough-cut the workpiece, for example, in the direction (X! axis 
direction) perpendicular to the rotation center axis of the main spindle rotation 
motor 1 1 (main spindle), and is connected to the control unit section 51 through a 
driving circuit 22 and a roughing tool feed control circuit 23. Further, to the 
roughing tool movement motor 21, a pulse generator 24 is provided to detect the 
rotation of the roughing tool movement motor 21. The output of the pulse 
generator 24 is connected to the roughing tool feed control circuit 23, and the 
rotation detection signal of the pulse generator 24 is inputted into the roughing 
tool feed control circuit 23. The pulse generator 24 generates the rotation position 



8 



PATENT APPLICATION No. 09/927,528 
ATTORNEY DOCKET NO. 04995/094001 

signal at each predetermined rotation angle of the roughing tool movement motor 
21, and outputs it to the roughing tool feed control circuit 23. 

[0042] The roughing tool feed control circuit 23 recognizes the actual 

movement position of the roughing tool according to the rotation position signal 
outputted from the pulse generator 24, and compares the movement position of the 
recognized actual roughing tool to the roughing tool position command signal 
outputted from the control unit section 51 which will be described later, and 
according to the comparison result, generates the roughing tool drive signal. The 
roughing tool drive signal generated in the roughing tool feed control circuit 23 is 
outputted to the driving circuit 22. The driving circuit 22 controls the electric 
power supply to the roughing tool movement motor 21 according to the roughing 
tool drive signal outputted from the roughing tool feed control circuit 23. These 
driving circuit 22 and the roughing tool feed control circuit 23 constitute the feed 
back control system of the movement position of the roughing tool. 

[0043] The finishing tool movement motor 31 is a motor to move the 

finishing tool to finish-cut the workpiece, for example, in the direction (X 2 axis 
direction) perpendicular to the rotation center axis of the main spindle rotation 
motor 1 1 (main spindle), and is connected to the control unit section 51 through a 
driving circuit 32 and a finishing tool feed control circuit 33. Further, to the 
finishing tool movement motor 31, a pulse generator 34 is provided to detect the 
rotation of the finishing tool movement motor 31. The output of the pulse 
generator 34 is connected to the finishing tool feed control circuit 33, and the 
rotation detection signal of the pulse generator 34 is inputted into the finishing tool 
feed control circuit 33. The pulse generator 34 generates the rotation position 
signal at each predetermined rotation angle of the finishing tool movement motor 
31, and outputs it to the finishing tool feed control circuit 33. 
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[0044] The finishing tool feed control circuit 33 recognizes the actual 

movement position of the finishing tool according to the rotation position signal 
outputted from the pulse generator 34, and compares the movement position of the 
recognized actual finishing tool to the finishing tool position command signal 
outputted from the control unit section 51 which will be described later, and 
according to the comparison result, generates the finishing tool drive signal. The 
finishing tool drive signal generated in the finishing tool feed control circuit 33 is 
outputted to the driving circuit 32. The driving circuit 32 controls the electric 
power supply to the finishing tool movement motor 3 1 according to the finishing 
tool drive signal outputted from the finishing tool feed control circuit 33. These 
driving circuit 32 and the finishing tool feed control circuit 33 constitute the feed 
back control system of the movement position of the finishing tool. 

[0045] The workpiece movement motor 41 is a motor to move the 

workpiece, for example, in the direction (Z axis direction) in parallel with the 
rotation center axis of the main spindle rotation motor 1 1 (main spindle), and is 
connected to the control unit section 51 through a driving circuit 42 and a 
workpiece feed control circuit 43. Further, to the workpiece movement motor 41, 
a pulse generator 44 is provided to detect the rotation of the workpiece movement 
motor 41. The output of the pulse generator 44 is connected to the workpiece feed 
control circuit 43, and the rotation detection signal of the pulse generator 44 is 
inputted into the workpiece feed control circuit 43. The pulse generator 44 
generates the rotation detection signal at each predetermined rotation angle of the 
workpiece movement motor 41, and outputs it to the workpiece feed control 
circuit 43. 

[0046] The workpiece feed control circuit 43 recognizes the actual 

movement position of the workpiece according to the rotation detection signal 
outputted from the pulse generator 44, and compares the movement position of the 
recognized actual workpiece to the workpiece position command signal outputted 
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from the control unit section 5 1 which will be described later, and according to the 
comparison result, generates the workpiece drive signal The workpiece drive 
signal generated in the workpiece feed control circuit 43 is outputted to the driving 
circuit 42. The driving circuit 42 controls the electric power supply to the 
workpiece movement motor 41 according to the workpiece drive signal outputted 
from the workpiece feed control circuit 43. These driving circuit 42 and the 
workpiece feed control circuit 43 constitute the feed back control system of the 
movement position of the workpiece. 

[0047] Fig. 2A is a view for explaining an example of the roughing and 

finishing operations of the workpiece W in the machine tool 1, and the shape of 
workpiece W to be machined is shown. The bar like workpiece W is, as shown in 
Fig. 2A, rotated around the rotation center axis 1 (in the arrowed direction A in 
Fig. 2 A) of the main spindle rotation motor 1 1 (main spindle) by the main spindle 
rotation motor 11, and is moved in the direction in parallel with the rotation center 
axis 1 (in the arrowed direction C in Fig. 2A) of the main spindle rotation motor 1 1 
by the workpiece movement motor 41. 

[0048] The roughing tool 2 is moved in the direction (in the arrowed 

direction in Fig. 2 A) perpendicular to the rotation center axis 1 of the main 
spindle rotation motor 11 by the roughing tool movement motor 21, and the 
workpiece W is roughly cut into a desired shape. The finishing tool 3 is moved in 
the direction (in the arrowed direction B 2 in Fig. 2A) perpendicular to the rotation 
center axis 1 of the main spindle rotation motor 1 1 by the finishing tool movement 
motor 31, and the workpiece W is finish-cut into a desired shape. 

[0049] The roughing tool 2 and the finishing tool 3 are, as shown in Fig. 

2A, arranged being offset by a predetermined distance (offset amount) D, viewed 
in the direction in which the rotation center axis 1 of the main spindle rotation 
motor 1 1 (main spindle) extends. Further, the roughing tool 2 and the finishing 
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tool 3 are arranged at both sides of the rotation center axis 1 of the main spindle 
rotation motor 1 1 (main spindle) by sandwiching the axis between them, and the 
movement direction of the roughing tool 2 and the movement direction of the 
finishing tool 3 are set to be opposite to or cross each other. 

[0050] In the present embodiment, as shown in Fig. 2B, the roughing and 

the finishing operations are conducted from each side of the workpiece W so that a 
stepped portion Wa having a surface almost perpendicular to the rotation center 
axis 1 of the main spindle rotation motor 1 1 (main spindle) may be formed on a 
portion of the bar-like workpiece W. By the movement of the workpiece W in the 
direction in parallel with the rotation center axis 1 of the main spindle rotation 
motor 1 1, the roughing and the finishing operations are simultaneously conducted, 
however, because the roughing tool 2 and the finishing tool 3 are arranged being 
offset, the roughing operation is conducted preceding to the finishing operation, on 
the workpiece W. In this connection, in Fig. 2 A, the arrowed B! direction is the 
X\ axis direction, the arrowed B 2 direction is the X 2 axis direction, and the 
arrowed C direction is the Z axis direction. 

[0051] The control unit section 51, as shown in Fig. 1, has a central 

processing unit 52, count section 53, ROM 56, and RAM 57. The central 
processing unit 52 is an operation section to conduct the signal processing of the 
whole of the control unit section 51. The count section 53 is connected to the 
pulse generator 14, and is structured in such a manner that the pulse signal 
outputted from the pulse generator 14 is inputted through the interface, and the 
number of occurrences of the inputted pulse signals is counted. Further, the count 
section 53 is also connected to the central processing unit 52, and is also structured 
in such a manner that the counted number of occurrences of the rotation detection 
signals inputted from the pulse generator 14, is outputted to the central processing 
unit 52. 
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[0052] The ROM 56 is a memory section to store various processing 

programs, including a position data calculation program. The position data 
calculation program is a calculation program to define the movement position of 
the roughing tool 2 and the movement position of the finishing tool 3 at each 
predetermined number of cumulative rotations 0 n of the main spindle rotation 
motor 11 (main spindle). 

[0053] The RAM 57 is structured in such a manner that the result of various 

operations in the central processing unit 52 is temporarily stored so that it can be 
read out, and the position data table memory 57a is also stored. The position data 
table memory 57a is structured in such a manner that the movement position of the 
roughing tool 2 and the movement position of the finishing tool 3 at each 
predetermined number of cumulative rotations 8 n of the main spindle rotation 
motor 11 (main spindle) defined by the position data calculation program are 
respectively stored as the position data of the roughing tool 2 and the position data 
of the finishing tool 3. Herein, the position data (movement position) of the 
roughing tool 2 shows the path of the roughing tool 2, and the position data 
(movement position) of the finishing tool 3 shows the path of the finishing tool 3. 

[0054] The machining data input section 61 is, as shown in Fig. 1, a section 

in which various data relating to the machining of the workpiece W such as shape 
data and machining conditions are inputted, and the data inputted into the 
machining data input section 61 are sent to the central processing unit 52. The 
shape data include the finishing dimension , and the processing conditions include 
the accuracy and the material of the workpiece W, and the data relating to the 
machining mode such as the roughing or finishing operation. 

[0055] Further, the central processing unit 52 calculates the accumulated 

number of cumulative rotation of the main spindle rotation motor 11 (main 
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spindle) according to the count result by the count section 53 of the number of 
occurrences of the rotation detection signals inputted from the pulse generator 14. 

[0056] Next, according to Fig. 3, the process operation to define the 

movement position of the roughing tool 2 and the movement position of the 
finishing tool 3 in the central processing unit 52 (control unit section 51) will be 
described. 

[0057] Initially, in SI 01, the central processing unit 52 reads the initial 

positions of the roughing tool 2 and the finishing tool 3. In Next SI 03, the initial 
setting (9 = 0 O ) of the number of cumulative rotations 0 is conducted, and the 
sequence advances to S105. In S105, the central processing unit 52 reads the 
position data calculation program from the ROM 56. In the next SI 07, by using 
the position data calculation program, according to the shape data and the 
machining conditions inputted in the processing data input section 61, the central 
processing unit 52 calculates and defines the movement position (the movement 
position in the X 2 direction) of the finishing tool 3 in the predetermined number of 
cumulative rotations 0 n of the main spindle rotation motor 1 1 (main spindle), and 
advances to SI 09. 

[0058] In SI 09, by using the position data calculation program, according to 

the movement position of the finishing tool 3 defined in SI 07, the central 
processing unit 52 calculates the movement position (the movement position in the 
X! direction) of the roughing tool 2 in the predetermined number of cumulative 
rotations 0 n of the main spindle rotation motor 11 (main spindle). In the 
calculation of the movement position of the roughing tool 2, the offset amount D 
of the roughing tool 2 and the finishing tool 3, and finishing allowance f are 
considered. The movement position of the roughing tool 2 is calculated by adding 
the finishing allowance f to the movement position of the finishing tool 3 so that 
the path of the roughing tool 2 is shifted in the direction perpendicular to the 
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rotation center axis 1 of the main spindle rotation motor 1 1 by the finishing 
allowance f from the path of the finishing tool 3. 

[0059] In next SI 1 1, a gap between the movement position of the roughing 

tool 2 calculated in SI 09 in the direction of the rotation center axis 1 of the main 
spindle rotation motor 1 1 and the workpiece W is calculated, and it is determined 
whether this gap is not larger than a predetermined value G. When the gap 
between the movement position of the roughing tool 2 in the direction of the 
rotation center axis 1 of the main spindle rotation motor 1 1 and the workpiece W is 
not larger than the predetermined value G (in SI 1 1, (Yes)), the sequence advances 
to SI 13. On the one hand, when it is larger than the predetermined value (in SI 1 1, 
(No)), the sequence advances to SI 15. The predetermined value G is set 
according to the feed speed of the workpiece W, the height of the stepped portion 
Wa of the workpiece W, the movable speed of the roughing tool 2, and finishing 
allowance f 

[0060] In SI 13, the movement position of the roughing tool 2 is corrected 

and defined in the direction (X] direction) perpendicular to the rotation center axis 
1 of the main spindle rotation motor 1 1 so that the roughing tool 2 does not cut in 
the inside of the finishing portion of the workpiece W. Herein, the movement 
position of the roughing tool 2 is corrected so that the movement speed of the 
roughing tool 2 in the direction perpendicular to the rotation center axis 1 of the 
main spindle rotation motor 1 1 is a predetermined value. 

[0061] In next SI 15, the movement position of the finishing tool 3 defined 

in SI 07, and the movement position of the roughing tool 2 defined in SI 13 are 
stored in the position data table memory 57a of the RAM 57 as the position data of 
the roughing tool 2 and the position data of the finishing tool 3 corresponding to a 
predetermined number of cumulative rotations 9 n . After that, the sequence 
advances to SI 17, and according to the number of cumulative rotations of the 
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main spindle rotation motor 11 (main spindle), it is determined whether the 
finishing tool 3 reaches the end portion (final position) of the finishing area of the 
workpiece W. When the finishing tool 3 reaches the end portion (final position) of 
the finishing area of the workpiece W (in SI 17, (Yes)), the processing ends. 

[0062] On the one hand, when the finishing tool 3 does not reach the end 

portion (final position) of the finishing area of the workpiece W (in SI 17, (No)), 
the number of cumulative rotations 0 n of the workpiece W is changed to 9 n +i in 
SI 19, and the sequence returns to SI 07, and the movement position of the 
finishing tool 3 in the predetermined number of cumulative rotations 0 n of a new 
workpiece W is defined, and the processing is continued, 

[0063] Next, according to Fig. 4, the output operation of the roughing tool 

position command signal and the finishing tool position command signal in the 
central processing unit 52 (control unit section 51) will be described. 

[0064] The central processing unit 52 determines, initially in S301, whether 

the finishing start command is outputted. When the finishing start command is 
outputted (in S301, (Yes)), the sequence advances to S303. When the finishing 
start command is not outputted (in S301, (No)), the sequence returns and is ready 
for until the finishing start command is outputted. 

[0065] When the sequence advances to S303, the central processing unit 52 

reads the position data of the roughing tool 2 and the position data of the finishing 
tool 3 stored in the position data table memory 57a of the RAM 47. When the 
position data of the roughing tool 2 and the position data of the finishing tool 3 are 
read, the sequence advances to S305, and the central processing unit 52 outputs 
the position data of the roughing tool 2 showing the movement position of the 
roughing tool 2 as the roughing tool position command signal to the roughing tool 
feed control circuit 23, and the position data of the finishing tool 3 showing the 
movement position of the finishing tool 3 as the finishing tool position command 
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signal to the finishing tool feed control circuit 33. The roughing tool position 
command signal and the finishing tool position command signal are outputted 
according to the count result in the count section 53. In details, according to the 
count result in the count section 53, every time when a predetermined number of 
cumulative rotations of the main spindle rotation motor 1 1 (main spindle) reaches 
the predetermined number of cumulative rotations 0 n set in the position data table 
memory 57a, the corresponding rouging tool position command signal and the 
finishing tool position command signal are outputted. 

[0066] After that, in S307, it is determined whether the rouging tool 

position command signal and the finishing tool position command signal 
corresponding to the final position data among the position data of the roughing 
tool 2 and the finishing tool 3 are outputted. When the rouging tool position 
command signal and the finishing tool position command signal corresponding to 
the final position data are not outputted (in S307, (No)), the sequence returns to 
S3 05, and every time when the number of cumulative rotations of the main spindle 
rotation motor 1 1 (main spindle) reaches the predetermined number of cumulative 
rotations 9 n , the rouging tool position command signal and the finishing tool 
position command signal are successively outputted, thereby, the roughing and 
finishing operations are simultaneously done on the workpiece W. When the 
rouging tool position command signal and the finishing tool position command 
signal corresponding to the final position data are outputted (in S307, (Yes)), the 
processing operation ends. 

[0067] The central processing unit 52 (control unit section 51) defines the 

main spindle rotation speed command value appropriate for the roughing and the 
finishing operations, and outputs the defined main spindle rotation speed 
command value as the main spindle rotation speed command signal to the main 
spindle rotation control circuit 13. The main spindle rotation control circuit 13 
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outputs the control signal to the driving circuit 12 according to the main spindle 
rotation speed command signal inputted from the central processing unit 52 so that 
the rotation speed of the main spindle rotation motor 11 (main spindle) is a 
predetermined rotation speed. Further, the central processing unit 52 (control unit 
section 51) defines the movement position of the workpiece W appropriate for the 
roughing and finishing operations (the position data of the workpiece W), and 
outputs the movement position of the workpiece W as the workpiece position 
command signal to the workpiece feed control circuit 43. The workpiece position 
feed control circuit 43 outputs the control signal to the driving circuit 42 according 
to the workpiece position command signal inputted from the central processing 
unit 52. 

[0068] Next, by using Fig. 5, the path of the roughing tool 2 and the path of 

the finishing tool 3 according to the movement position of the roughing tool 2 and 
the movement position of the finishing tool 3 defined in the central processing unit 
52 (control unit section 51), will be described. In this connection, in Fig. 5, for the 
explanation, the drawing is shown as a condition in which the X! direction and the 
X 2 direction are in the same direction, and the path of the roughing tool 2 and the 
path of the finishing tool 3 are overlapped with each other. 

[0069] As shown in Fig. 5, the path F of the finishing tool 3 to the 

workpiece W is prepared so that it overlaps with the outside shape of the 
workpiece W. In Fig. 5, Fi - F 12 show the movement positions of the finishing 
tool 3 at every predetermined number of cumulative rotations of the main spindle 
rotation motor 1 1 (main spindle). 

[0070] The path R of the roughing tool 2 to the workpiece W is prepared, as 

shown in Fig. 5, in such a manner that it is shifted by the finishing allowance f 
from the path F of the finishing tool 3, viewed in the direction perpendicular to the 
rotation center axis 1 of the main spindle rotation motor 11. In Fig. 5, Rl - R12 
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show the movement positions of the roughing tool 2 at every predetermined 
number of cumulative rotations of the main spindle rotation motor 11 (main 
spindle), and the same subscript in the drawing shows the same number of 
cumulative rotations, for example, the movement position F] of the finishing tool 3 
and the movement position R } of the roughing tool 2 show the movement position 
at the same number of cumulative rotations. Further, the movement position of 
the roughing tool 2 and the movement position of the finishing tool 3 of the same 
subscript are shifted by the offset amount D between the roughing tool 2 and the 
finishing tool 3, viewed in the direction of the rotation center axis 1 of the main 
spindle rotation motor 11. 

[0071] From the movement position R 3 of the roughing tool 2 to the 

movement position R 5 of the roughing tool 2, because a gap between the 
movement position of the roughing tool 2 in the direction of the rotation center 
axis 1 of the main spindle rotation motor 1 1 and the workpiece W is not larger than 
a predetermined value, the movement position of the roughing tool 2 is corrected 
so that it is moved in the direction perpendicular to the rotation center axis 1 of the 
main spindle rotation motor 1 1, as the workpiece W is moved (fed) in the direction 
of rotation center axis 1 of the main spindle rotation motor 1 1 . The movement 
position of the roughing tool 2 is corrected so that the movement speed of the 
roughing tool 2 in the direction perpendicular to the rotation center axis 1 of the 
main spindle rotation motor 1 1 is a predetermined value. 

[0072] Thereby, the path R of the roughing tool 2 to the workpiece W is 

prepared in such a manner that the movement position of the roughing tool 2 and 
the movement position of the finishing tool 3 of the same subscript are shifted by 
the amount more than the finishing allowance f, viewed in the direction 
perpendicular to the rotation center axis 1 of the main spindle rotation motor 11, 
between the movement position R 3 and the movement position R 5 of the roughing 
tool 2. As the result, a predetermined gap is formed between the workpiece in the 
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direction of the rotation center axis 1 of the main spindle rotation motor 1 1 and the 
roughing tool 2, and the roughing tool 2 does not cut in the inside of the finishing 
portion of the workpiece W. In this connection, the shifting amount between the 
movement position of the roughing tool 2 and the movement position of the 
finishing tool 3 while the movement position of the roughing tool 2 is corrected, 
viewed in the direction of the rotation center axis 1 of the main spindle rotation 
motor 11, becomes the offset value D between the roughing tool 2 and the 
finishing tool 3, and does not change. 

[0073] At the movement position F 6 of the finishing tool 3 (the movement 

position of the roughing tool 2), the finishing tool 3 reaches the stepped portion 
Wa of the workpiece W. At the movement position F 6 of the finishing tool 3, the 
movement (feed) of the workpiece W in the direction of the rotation center axis 1 
of the main spindle rotation motor 1 1 is stopped. When the feed of the workpiece 
W is stopped, the finishing tool 3 is moved to the movement position F7 of the 
finishing tool 3 in the direction perpendicular to the rotation center axis 1 of the 
main spindle rotation motor 11. At this time, the roughing tool 2 is not moved, 
and stops at the movement position of the roughing tool 2. When the roughing 
tool 2 stops at the movement position R^, the cutter mark by the roughing tool 2 is 
formed on the surface of the workpiece W, however, because this portion is cut off 
by the finishing tool 3, the cutter mark by the roughing tool 2 does not remain on 
the surface of the finished workpiece W. 

[0074] When the finishing tool 3 reaches the movement position F 7 , the 

movement (feed) of the workpiece W in the direction of the rotation center axis 1 
of the main spindle rotation motor 1 1 starts, thereby, the roughing tool 2 and the 
finishing tool 3 are relatively moved to the workpiece W in the direction of the 
rotation center axis 1 of the main spindle rotation motor 11. 
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[0075] In this manner, according to the present embodiment, the movement 

position of the roughing tool 2 is calculated so that it may be shifted with respect 
to the finishing tool 3 by the finishing allowance f in the direction perpendicular to 
the rotation center axis 1 of the main spindle rotation motor 11, and then it is 
corrected so that a predetermined gap is formed between the workpiece W and the 
roughing tool 2, viewed in the direction of the rotation center axis 1 of the main 
spindle rotation motor 11. Thereby, the path R of the roughing tool 2 calculated by 
shifting the path F of the finishing tool 3 by the finishing allowance f in the 
direction perpendicular to the rotation center axis 1 of the main spindle rotation 
motor 11 is corrected so that a predetermined gap is formed between the 
workpiece W and the roughing tool 2, viewed in the direction of the rotation 
center axis 1 of the main spindle rotation motor 11. Thereby, the feed of the 
finishing tool 3 (feed of the workpiece W) in the direction of the rotation center 
axis 1 of the main spindle rotation motor 1 1 is not stopped, and the cut-in into the 
inside of the finishing portion of the workpiece W by the roughing tool 2 can be 
prevented. As the result, the machining time of the workpiece W by the roughing 
tool 2 and the finishing tool 3 can be reduced. Further, because the feed of the 
finishing tool 3 (feed of the workpiece W) is not stopped, the formation of the 
cutter mark on the surface of the workpiece W by the finishing tool 3 can be 
suppressed. 

[0076] Further, when the movement position of the roughing tool 2 is 

corrected, because the movement position of the roughing tool 2 is corrected so 
that the movement speed of the roughing tool 2 in the direction perpendicular to 
the rotation center axis 1 of the main spindle rotation motor 1 1 is a predetermined 
value, the path R of the roughing tool 2 is also corrected so that the movement 
speed of the roughing tool 2 in the direction perpendicular to the rotation center 
axis 1 of the main spindle rotation motor 1 1 is a predetermined value. Thereby, the 
roughing tool 2 can be smoothly moved, and the cutting load of the workpiece W 
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by the roughing tool 2 can be reduced, and the variation of the cutting load can be 
suppressed. 

[0077] Next, referring to Fig. 6 and Figs. 7A and 7B, a varied example of 

the correction of the movement position (the path) of the roughing tool 2 will be 
described. The varied example shown in Fig. 6 and Figs. 7A and 7B is an 
example in which the movement position of the roughing tool 2 is corrected so 
that the roughing tool 2 moves at the equal acceleration. 

[0078] The relative position of the finishing tool 3 to the workpiece W, at 

which the correction of the movement position of the roughing tool 2 is to be 
started, is defined as follows. Initially, according to the formula (1), the time 
interval t to correct the movement position of the roughing tool 2 is found. 

[0079] d/2 = 1/2 x a x (t/2) 2 ... (1) 

[0080] d: The height of the stepped portion Wa of the workpiece W 
[0081] a: The movement acceleration of the roughing tool 2 

[0082] When the time interval t to correct the movement position of the 

roughing tool 2 is found, according to the formula (2), a division distance L to 
correct the movement position of the roughing tool 2 is found. 

[0083] L = V z xt ... (2) 

[0084] V z : the feed speed of the workpiece W 
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[0085] Finally, according to the formula (3), the relative position (distance 

from the stepped portion Wa of the workpiece W) L 0 of the finishing tool 3 to the 
workpiece W, at which the correction of the movement position of the roughing 
tool 2 is to be started, is found. 

[0086] L 0 = L + D ... (3) 

[0087] D: the offset amount between the roughing tool 2 and the finishing tool 

3 

[0088] When the position of the finishing tool 3 in the direction of the 

rotation center axis 1 of the main spindle rotation motor 1 1 reaches the position 
apart by the difference L 0 from the stepped portion Wa of the workpiece W, as 
shown in Fig. 6, the correction of the movement position of the roughing tool 2 is 
carried out. That is, the movement position of the roughing tool 2 is corrected 
during a time period from the time when the roughing tool 2 reaches the position 
apart by the distance L from the stepped portion Wa of the workpiece W, to the 
time when the workpiece W is fed by L/2. That is, the movement position of the 
roughing tool 2 is corrected in such a manner that, while the time elapses by t/2 
from the start of the correction of movement position of the roughing tool 2, as 
shown in Figs. 7A and 7B, the roughing tool 2 is acceleratedly moved by the 
movement acceleration a, in the direction perpendicular to the rotation center axis 
1 of the main spindle rotation motor 11. Then, while the feed distance of the 
workpiece W from the start of the correction of the movement position of the 
roughing tool 2 is changed from L/2 to L, that is, the time from the start of the 
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correction of movement position of the roughing tool 2 reaches from t/2 to t, the 
movement position of the roughing tool 2 is corrected so that the roughing tool 2 
is deceleratedly moved by the movement acceleration a, in the direction 
perpendicular to the rotation center axis 1 of the main spindle rotation motor 11. 

[0089] As described above, when the correction of the movement position 

of the roughing tool 2 is carried out from the time when the position of the 
finishing tool 3 reaches the position apart from the stepped portion Wa of the 
workpiece W by the distance L 0 (the position of the roughing tool 2 apart from the 
stepped portion Wa of the workpiece W by the distance L), the path R of the 
roughing tool 2 is prepared with a predetermined gap between the workpiece W 
and the roughing tool 2, viewed in the direction of the rotation center axis 1 of the 
main spindle rotation motor 11. Therefore, the feed of the finishing tool 3 in the 
direction of the rotation center axis 1 (the feed of the workpiece W) is not stopped, 
and the cut-in into the inside of the finishing portion of the workpiece W by the 
roughing tool 2 can be prevented. As the result, the machining time of the 
workpiece W by the roughing tool 2 and the finishing tool 3 can be reduced. 
Further, because the feed of the finishing tool 3 (the feed of the workpiece W) is 
not stopped, the formation of the cutter mark on the surface of the workpiece W by 
the finishing tool 3 can be suppressed. 

[0090] Further, the movement position of the roughing tool 2 (the path of 

the roughing tool 2) is easily corrected because the movement position of the 
roughing tool 2 is corrected so that the roughing tool 2 is moved while it is 
accelerated or decelerated at the movement acceleration a in the direction 
perpendicular to the rotation center axis 1 of the main spindle rotation motor 11. 
Further, because the movement speed of the roughing tool 2 after the start of the 
correction and before the end of the correction is lower, the variation of the cutting 
load on the workpiece W by the roughing tool 2, vibration of the workpiece W, 
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and the vibration of the roughing tool 2, can be further suppressed, and the scar on 
the surface of the workpiece can be more suppressed. 

[0091] In this connection, in the present embodiment, it is structured in such 

a manner that the workpiece can be moved in the direction of the rotation center 
axis 1 of the main spindle rotation motor 11, and the workpiece W is sent to this 
direction, but the present invention is not limited to this, and it may be structured 
in such a manner that the roughing tool 2 and the finishing tool 3 are moved in the 
direction of the rotation center axis 1 of the main spindle rotation motor 1 1 . 

[0092] Further, in the present embodiment, it is structured in such a manner 

that the count section 53 is provided in the control unit section 51, but, it may be 
structured in such a manner that the program is made so that the central processing 
unit 52 performs the role of the count section 53 utilizing the ROM 56 as storing 
means. Instead, a portion of functions which are performed by the central 
processing unit 52 may be replaced by the hardware circuit. 

[0093] Further, in the present embodiment, it is structured in such a manner 

that the position data (movement position) of the roughing tool 2 showing the path 
of the roughing tool 2 and the position data (movement position) of the finishing 
tool 3 showing the path of the finishing tool 3 are stored corresponding to every 
predetermined number of cumulative rotations of the main spindle rotation motor 
11 (main spindle) and stored, and every time when the number of cumulative 
rotations of the main spindle rotation motor 11 (main spindle) reaches a 
predetermined one, set in the position data table memory 57a, the corresponding 
position data of the roughing tool 2 and the finishing tool 3 are outputted as the 
roughing tool position command signal and the finishing tool position command 
signal, but the present invention is not limited to this. For example, it may be 
structured in such a manner that every time when the number of cumulative 
rotations of the main spindle rotation motor 11 (main spindle) reaches a 
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predetermined number of cumulative rotations 0 n , the position data (movement 
position) of the roughing tool 2 showing the path of the roughing tool 2 and the 
position data (movement position) of the finishing tool 3 showing the path of the 
finishing tool 3 may be calculated and found, and outputted as the roughing tool 
position command signal and the finishing tool position command signal. 

[0094] As described above, the present invention provides a tool path 

preparing method and a machining method by which the machining time of the 
workpiece by the roughing tool and the finishing tool can be reduced, and the scar 
on the surface of the workpiece can be suppressed.. 
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